Abstract In recent years, water pollution has been converted to a challenging discussion in health area of human being. Heavy elements are one of the most important water pollutants and their negative adverse effects on body systems have been confirmed. In this study, investigation of effects of two heavy elements including lead (Pb) and copper (Cu) on expression of interlukin-4 (IL-4) and interferon-gamma (IFN-c) as humoral and cellular immunity biomarkers, respectively, was aimed and PCR, real-time PCR and electrophoresis techniques were used. In this study, BALB/c mice were studied that had free access to drinking water which contained Cu or Pb salts. After 2 weeks, spleens of mice were removed, RNA extracted, and cDNA was prepared for RT-PCR. Then the expression of IL-4 and IFN-c genes were assessed by real-time PCR. The expression of IFN-c was upregulated in both treated groups and the expression of IL-4 was only up-regulated in the group treated with Cu and down-regulated in the group treated with Pb. This study shows that the presence of heavy elements as drinking-water pollutants results in a disproportion of natural cytokines balances, and thus may result in a negative effect on immune system.
Introduction
Water is the most widely used substance and precious resource in the whole of universe and plays a vital role in our daily lives. Access to a safe water supply with high quality is one of the first rights of the human being and is always a big concern.
Water has unique chemical properties due to its polarity and hydrogen bonds. This means it is able to dissolve, absorb, adsorb or suspend many different compounds. These include contaminants that may represent hazards in themselves or that may be able to react with intended product substances, resulting in hazards to health.
Drinking-water quality is covered by the World Health Organization (WHO) drinking-water guidelines, standards from the International Organization for standardization (ISO) and other regional and national agencies (World Health Organization 2011) .
Where drinking-water is stored and distributed by the user, the storage systems have to preclude degradation of the water quality before use. Pollution of drinking-water with heavy metals has become a concern in view of their toxicity to human and other biological systems (Chakrabarty and Sarma 2011) .
Most of the heavy metal ions are toxic or carcinogenic in nature and pose a threat to human health and the environment (Gillialand et al. 1999) . Heavy metals are absorbed via the intestine, as far as they are fairly water-soluble, are transmitted to several organs through the circulatory system and are absorbed by different systems. This form of absorption is particularly significant to the overall heavy metal load in the human body as higher concentrations of these metals can be absorbed (Marth et al. 2001, Markevièius and .
The immune system consists of a complex network of cells and molecules scattered throughout the body of all multicellular organisms and is able to recognize and neutralize potentially harmful agents, conferring to the organism resistance to infectious and malignant diseases (Markevièius and Dringeliene 2004, Marth et al. 2001) . The immune system is a complex network of multiple organs, tissues and cells consisting of many points for heavy metals to attack and influence the function of the immune system, either by inhibition or stimulation and leading to pathological consequence (Kelley et al. 1995) .
CD4? T helper cells have been classified into two major subsets (TH1 and TH2) based on the production of different cytokines which promote distinct functions, result in polarizing of immune responses, cellular or humoral. TH1 cells produce mainly IFN-c which skews the immune responses to cell-mediated responses, while TH2 cells secrete IL-4 shifting to antibody production and humoral immune responses. The Th1/Th2 paradigm provides a valuable model for understanding the effects of stimulators (substances, antigens and pathogens) on immune responses (Muraille and Leo 1998). Evaluation of IFN-c and IL-4 levels is a good measurement to assess the TH1/TH2 responses and ongoing responses in different conditions. Real time PCR techniques has provided a powerful detection system (van Oosterhout and Motta 2005) .
IFN-c (Type II interferon) is a homodimeric glycoprotein that is produced by activated T, B and NK cells. IFN-c is produced by CD8? TH1 cells and inhibits the proliferation of TH2 cells. IFN-c functions as an anti-viral and anti-parasitic agent and also acts in synergy with other cytokines, such as TNFa to inhibit the proliferation of normal and transformed cells. IFNc induces immunomodulatory effects in a wide range of cell types that includes being a potent activator of mononuclear phagocytes, augmentation of endocytosis and phagocytosis by monocytes, and activation of macrophages to kill tumor cells. Additionally, it enhances the proliferation of activated B cells and can act synergistically with IL-2 to increase immunoglobulin light-chain synthesis. Finally, IFN-c activates neutrophils, NK cells and vascular endothelial cells. The role of IFN-c has been identified as a cell mediated immune response (Sen 2001) .
IL-4 is a TH2 cytokine that is secreted by activated TH2 and NKT cells. IL-4 is a potent inducer that directs differentiation of CD4?naive T cells into TH2 effector cells. In B cells, IL-4 promotes proliferation and differentiation, and promotes immunological class switching to IgE and IgG1 isotypes. In T and B lymphocytes, mast cells, and endothelial cells, IL-4 promotes survival, growth, and differentiation. Totally IL-4 is known as a marker for humoral immune responses (Overbergh et al. 1999) .
Lead and copper are two of important heavy metals and are most discussed in drinking-water. Lead is proposed as a strong neurotoxin and might leak from water pipes made of lead. Chakrabarty showed long term exposure to lead results in accumulation of lead in bones leading to sever disorders. Lead may adsorb into liver, kidney, heart and testis and affects the immune system (Chakrabarty and Sarma 2011) . The decrease of B and T lymphocytes and natural killer (NK) cells has been found in people who were exposed to lead (Skoczynska et al. 2002) . Other imbalances, such as the increase of the number of T CD8?, decrease of B lymphocytes and increase of IgA level have been reported (Kelley et al. 1995; Kvietkauskaite et al. 2004; Ercal et al. 2000; Singh et al. 2008) .
Copper ions exist in many enzymes as cofactor including cytochrome c oxidase, dopamine b-monoxygenase and in peptidyl a-amidating monooxygenase which play important roles in the body. However the release of copper radicals in the body results in toxicity and affects liver, blood cells and the immune system (Kvietkauskaite et al. 2004; Markevièius and Dringeliene 2004) . High-dose uptake of copper may result in a fatal consequence. Mutagenesis, carcinogenicity, infertility and immune suppression are caused by lowdose uptake of copper ions. Exposure to copper ions leads to sever decrease of NK cells (Kvietkauskaite et al. 2004) .
Cytokines are important mediators of the immune system (Yin et al. 2001 ) and important immune response modulators that may be affected by extrinsic factors such as heavy metal exposure (Faith et al. 1979) . Quantification of these products is an acceptable method to assess the effects on immune processes (Overbergh et al. 1999) . Quantitative polymerase chain reaction (PCR) is a great tool to quantify gene expression. Real-time PCR (comparative real-time PCR) is currently the most accurate and sensitive method for quantifying the mRNA expression of cytokines, which are often expressed at very low levels, it is working with a fluorescent dye (e.g., SYBR Green) and fluorogenic sequence-specific probes (TaqMan TM , molecular beacons, scorpions and hybridization probes) (Giulietti et al. 2001) .
The objective of the present study was to investigate the effects of drinking-water pollution with copper, and lead on the expression of cytokines, interleukin-4 (IL-4) and interferon gamma (IFN-c) genes as markers of the humoral and cellular immune system, respectively in mice by real-time RT-PCR and semi-quantitative techniques.
Materials and methods

Solutions preparation
Cu(NO 3 ) 2 (2 mg/l) and Pb(NO 3 ) 2 (0.3 mg/l) salts were dissolved in distilled water separately and were used for copper and lead exposure, respectively. These concentrations are two times of the upper safety limits of Cu and Pb ions in drinking water, reported by EPA (Environmental Protection Agency). The salts were reagent grade and purchased from Merck Company, Darmstadt, Germany.
Mice and drinking protocols
Fifteen female BALB/c mice 6-7 weeks of age with an average weight of about 25 g, were obtained from the Razi Vaccine and Serum Research Institute (RVSRI), Mashhad, Iran. The mice were maintained in a temperature (23-25°C) controlled environment. The mice were allowed free access to standard laboratory chow and water throughout the experiment.
The animals were divided to three groups, each comprising five mice treated as follows:
Group 1, was considered as control group and accessed to distilled water for drinking. Groups 2 and 3 were accessed to water containing copper [Cu(NO 3 ) 2 ] and lead [Pb(NO 3 ) 2 ] ions solutions, respectively.
After 15 days, the weights of mice were measured and the spleens of mice were removed and subjected to RNA extraction. The weights of spleens were recorded too. The mice were treated ethically in compliance with the RVSRI Ethics Committee.
RNA extraction and reverse-transcription (RT)-PCR
Total RNA extraction from spleen was performed using Trizol (Invitrogen, Carlsbad, CA, USA), treated with RNase-free DNase (Ambion, Austin, TX, USA) to remove any residual genomic DNA that may be present in the RNA. Then RNA was reverse transcribed as following:
Reverse transcription of target RNA (1-5 lg) was carried out in a final volume of 12.5 ll using 1.5 ll of 10X MULV Buffer, 0.5 ll of 0. For every reaction set, one RNA sample was performed without MULV reverse transcriptase to provide a negative control in subsequent PCR reactions.
Primers
Primers were designed with Primer Premier Software on the basis of mRNA sequences available on NCBI and previously published studies for the relative quantification of the expression of the target genes (IL-4 and IFN-c), and the glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH) was used as the reference gene. The primers were synthesized by the Bioneer Company, Daejeon, (Korea). A brief description of the target genes and primers are listed in Table 1 .
Real-time RT-PCR
Reverse-transcription PCR quantification of cytokine gene expression was done using standard curves. mRNA levels were assessed by conventional and quantitative RT-PCR. Amplification was performed with Step one AB (Applied Biosystems-Life Technologies) using SYBR Green PCR Master Mix (Fermentas) in a total volume of 12.5 ll, containing 0.5 ll cDNA sample, and 0.25 lM each primer and 5.25 ll ddH2O. Quantitative PCR amplification was performed for 40 cycles at 95°C for 10 s, specific annealing temperature for 30 s and 72°C for 30 s. Amplification specificity was checked using melting curve. The endogenous housekeeping gene, GAPDH, was used to normalize target gene expression. A notemplate control cDNA was included to detect contamination or non-specific reactions.
Amplified real-time PCR products were separated electrophoretically on 1.5 % agarose gel (HiMedia, Mumbai, India) in TAE (Tris-acetate-EDTA) buffer containing 1 ll syber Green. The mRNA expression was visualized using a Gel-Doc system (Syngene, Cambridge, UK).
Data analysis and calculations for relative quantification
Quantification of cytokine gene expression was calculated by the comparative CT method as described by Peinnequin et al. (2004) and by Schmittgen and Livak (2008) . This method compares test samples to a comparator sample (non treated sample, control group) and uses results obtained with a uniformly expressed internal control gene (GAPDH) to correct for differences in the amounts of RNA present in the two samples being compared to generate a DCT value [DCT = (CT gene of interest-CT internal control)]. Results are expressed as the degrees of difference between DCT values of test and comparator samples [DDCT = DCT (test sample)-DCT (comparator sample)] and relative quantification was calculated as 2 -DDCT . If the fold-change is greater than 1, then the result may be reported as a fold up-regulation. If the fold-change is less than 1, then the negative inverse of the result may be reported as a fold down-regulation. Statistical analyses were performed with GraphPad Prism, Version 4.03 (GraphPad software, San Diego, CA, USA). All values were expressed as mean ± standard deviation. Statistical analyses of the data were performed using a one-way analysis of variance (ANOVA). Differences in quantitative cytokine mRNA expression were analyzed using Student's ttest. In all cases, probability (P) values below 0.05 were considered significant.
Results
Effect of heavy metals on weight of mice
Two groups of BALB/C mice were exposed to drinking-water containing Pb(NO 3 ) 2 (group 2) and Cu(NO 3 ) 2 (group 3) for 2 weeks. For the non-treated control (group 1), the mice were exposed to distilled water. The results showed that the weight of the mice increased in group 3, which consumed copper ions, however, this change was not considered significant (p\0.05) (Fig. 1) . The weights of spleens between the groups, before and after treatments, were compared and no changes were found (Fig. 2) . No difference was found in the volume of water and food uptake in the different mice groups.
Quantification and comparison of mRNA cytokine expression by spleen cells in treated and nontreated mice
To establish whether spleen cells express IL-4, and IFN-c in the presence of Pb or Cu heavy metal ions, RNA was isolated from spleen cells of the three groups of mice after 2 weeks of treatment and the relative Reverse TGGCTCTGCAGGATTTTCATG genes expression of IFN-c, and IL-4 were determined by real-time PCR and the DCT quantification method. Results were presented as fold changes relative to the control. mRNA expression of cytokines IFN-c was upregulated in both treated groups in comparison of group 1 (non treated control). Test/comparator ratios for groups 2 (Cu treated) and 3 (Pb treated) were found 2.11 and 42.51, respectively. In mice exposed to Pb ions, IL-4 mRNA expression was down-regulated, with test/comparator ratios rising with -1.2 fold.
In contrast, in animals of group 2 (Cu), IL-4 mRNA expression was clearly up-regulated, with test/comparator ratios rising about 1.38 (Figs. 3, 4) .
Finally, all PCR products were verified on agarose gel and the integrity and specificity of reaction were confirmed (Figs. 5, 6 ).
Discussion
Environmental hazards may refer to any chemical, physical, mechanical, biological or even psychosocial condition that causes a threat to the environment and they can lead to health problems.
Environmental hazards affect living beings in numerous ways. One of the most important issues is how it affects our immune systems and our body's ability to battle against diseases (Kazbariene et al. 2007 ).
Water pollution is one important kinds of these hazards. Drinking safe water and removing toxins are important in maintaining health and avoid disorders. Limitations in access to safe drinking-water resulted in describing terms such as ''water conflict'' for this ''blue gold''. Water pollution poses a significant health Fig. 1 The comparison of weight averages of mice in group 2 (Cu-treated) and group 1 (Control) before (primary) and after treatment (final) (a) and weight averages of spleens between these groups after treatment (b). The average weight of mice after treatment in group 2 was found higher than in the control group but this difference was not significant (p \ 0.05) Fig. 2 The comparison of weight averages of mice in group 3 (Pb-treated) and group 1 (Control) before (primary) and after treatment (final) (a) and weight averages of spleens between these groups after treatment (b). The average weight of mice after treatment in group 2 was found higher than in the control group but this difference was not significant (p \ 0.05) Cytotechnology (2014) 66:769-777 773 risk and it occurs when contaminants such as harmful chemicals are discharged directly into the water resources. Contamination of water with heavy metals is one of the greatest concerns, world wide seen (World Health Organization 2011). Exposure to heavy metals can cause birth defects in the newborn, reproductive failure and immune suppression (Bowring 2005; Nassar et al. 2010) . It causes the immune system to break down and makes the person vulnerable to other diseases. The immune system components are coordinated by specific cells. T helper (Th) cells play a central role in this through direct interactions with cells and the release cytokines will coordinate the immune response. Water pollution is one of the main extrinsic factors which may affect the function of the immune system (Matranga et al. 2012a ).
Current EPA guidelines allow for acceptable levels of pollutants, such as chlorine, lead, arsenic, and aluminum in our water. Water pollution and its effects on the health of the population is an important issue under study (http://water.epa.gov/drink/contaminants/ index.cfm).
Vinodhin et al. showed that some heavy metal ions are potentially tumorigenic. Heavy metals may adsorb into the body by drinking polluted water and accumulate in the body tissues until rise to toxic threshold levels (Vinodhini and Narayanan 2009) . In order to dilute toxins, the body tissues retain the water and fat. It is elucidated the heavy metal salts might cause a change in the regulation of the appetite in the central nervous system. The minor weight gain of the treated mice which were exposed to Pb and Cu in comparison to the control mice may be explained by this hypothesis. It is suggested that the overweight of the treated mice reflects the long term effects of drinking water containing Pb and Cu metals (Freundt and Ibrahim 1990) .
In this study, the effects of the presence of Cu and Pb ions in drinking-water of BALB/c mice on the expression of IL-4 and IFN-c were assessed by realtime RT-PCR. These cytokines are considered as biomarkers of Th2 and Th1 immune responses and are used for the evaluation of immune responses. The results showed that the expression of IFN-c gene was elevated in both groups who drank water containing The electrophoresis of real-time RT-PCR products of RNA extracted from group 2 (Cu) on agarose gel (1.5 %) (M: DNA marker, 100 bp Fermentas, from bottom to top: 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000 bp). Amplified GAPDH, IL-4 and IFN-c are seen as 236-bp, 95-bp and 92-bp bands, respectively these ions compared with the control group. This increase was more significant in the group exposed to Pb ions.
On the other hand, the expression of IL-4 in the group exposed to Pb ions decreased and in the group exposed to Pb ions decreased and in group exposed to Cu increased.
Different studies have been done for identifying the effects of heavy metals on the immune system. It was shown that the long-term exposure to Pb in mice leads to a decrease of T CD4? and an increase of T CD8? cells but Cu caused an increase of both kinds of these cells (Matranga et al. 2012b) . Villanueva et al. 2000 confirmed that Pb ions inhibit the activities of Th1 cells but increase activities of Th2 cells.
All these reports indicate the impairment of the immune system. The disagreements of the reports may result from differences in the design of the study (short or long-term), strains of studied animals and cell populations (blood or spleen cells).
Here we showed that even short-term exposure (2 weeks) to drinking-water contaminated with Pb and Cu salts results in disproportion of IL-4 and IFN-c expression. This results in deviation of cellular and humoral immune responses.
However, the mechanisms and specific immune system components affected by the heavy metals were not clearly defined. Thus further studies are needed in order to assess the protein levels of IL-4 and IFN-c in relation to effects of long term exposure to Cu and Pb ions. Measurements of other cytokines can help to better understanding of raised questions in this study.
